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Measurements of the Transmission Loss for Small Samples of Acoustic Metamaterials
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The paper presents the measurements of the sound insulation of small-sized samples of acoustic
metamaterials on a specially designed measurement station with the use of an intensity probe.
Both an interesting and innovative measurement methodology and original solutions for sound-insulating
linings based on metamaterial systems were presented. Examples show the effectiveness
of the measurement method and the high sound insulation properties of the proposed metamaterial
cladding solutions.

1 Introduction

Methods for measuring the increase in the sound insulation of acoustic materials are based on determining and
appropriately transforming attenuation indices or emitted sound power levels. The use of these indicators necessitates
measurement procedures at specific test stands, under properly prepared acoustic conditions, and for predetermined
sample sizes. The requirements of these procedures mean that the costs of sample preparation and measurement execution
create a significant barrier to the rapid testing of prototypes in real-world conditions. This is particularly true for
metamaterials, whose complex components generate substantial time and financial costs associated with producing
individual fragments of the system. A solution to this problem is to conduct measurements using a small, mobile,
demountable, and easily accessible test stand.

This paper proposes an approach that combines the advantages of previously separate measurement methods: the use of
a small, mobile, durable, and demountable measurement enclosure with an omnidirectional source inside (features of test
stands [1-4]), combined with a procedure for measuring the insulation of metamaterials using an intensity probe in an
environment that does not require special acoustic conditions ([5, 6]). For the purposes of this measurement method,
a mobile frame was designed to allow for the separate mounting of six base enclosure walls, to which additional structures
can be attached. This article describes a method for measuring the increase in sound insulation provided by additional
metamaterial linings, using a lightweight gypsum plasterboard (GK) partition installed in the enclosure as an example.
In practice, other lightweight homogenous linings or layered systems, including wood, aluminum, or metamaterials, can
be used as base walls.

2  Measurement stand and procedure

The key features of the test stand are mobility, modularity, and the ability to adapt to changing experimental conditions.
Its primary component is a specially designed enclosure, hereinafter referred to as the measuring box, which functions
as a source chamber. The structure of the stand is based on an aluminum frame made of 2x2 cm profiles, serving
as the skeleton of the entire enclosure (Fig. 1). The frame is mounted on a platform equipped with four swivel casters.
The measuring box is a cube with a side length of 60 cm. The total weight of the assembly in its basic configuration is
approximately 18 kg. The enclosure was designed to allow the measurement of square test samples with a side length
of approximately 53 cm. All walls, except for the top wall, were constructed as partitions with enhanced sound insulation.
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For this purpose, a triple-layer construction of high-density gypsum plasterboards was used, characterized by a weighted
sound reduction index Rw ~ 55 dB. The top wall of the enclosure was designed as an interchangeable element.
This solution enables the mounting of various base partitions and allows for a comparison of the effectiveness
of metamaterial linings for partitions with different baseline sound insulation levels.

Figure 1. Aluminum frame of the measuring box (left) and inverted frame encased with gypsum
plasterboards mounted on threaded rods, featuring a cable gland for the loudspeaker cable (right).

The measurement setup used in the study included a Nor276 omnidirectional sound source (Norsonic), operating with
a Nor280 power amplifier and signal generator (Norsonic), an RME Fireface UCX USB audio interface, and a computer.
The generation of measurement signals was performed in the Matlab environment, while data acquisition was conducted
using the I-Track Intensity Analyzer software. To measure the acoustic field on the receiving side, a Mezzo Soft dB
intensity probe equipped with G.R.A.S. 40GI measurement microphones was employed. The probe was used to determine
the sound intensity level over a defined measurement surface located above the tested partition. To ensure repeatable
positioning of the probe, a microphone stand and dedicated 3D-printed holders, specifically designed for this test stand,
were used. Additionally, a positioning element was utilized to align the probe perpendicularly to the surface of the tested
board, ensuring the required measurement geometry was maintained across successive grid points.

The research was conducted in one of the rooms located in the Wind Engineering Laboratory at the Cracow University
of Technology. The maximum geometric dimensions of the room were 3,3%3,6x2,7 m, corresponding to a volume
of approximately 31 m®. To limit the influence of reflections from the walls, ceiling, and floor, a partial acoustic treatment
of the room was implemented. The ceiling treatment consisted of a suspended ceiling made of polyurethane foam
pyramids (6 cm high), hung on a structure of CD60 profiles at a distance of 42 cm from the structural slab, covering a total
area of 4,8 m2. One of the side walls was covered with trapezoidal polyurethane foam elements (5 cm thick), glued directly
to the substrate over an area of 5,0 m?. The back wall treatment utilized a recess filled with mineral wool (density
150 kg/m?) of varying thickness (10-20 cm), covered with a single layer of acoustic non-woven fabric, with a total area
of 6,3 m?. Following the acoustic treatment, a significant reduction in reverberation time was achieved. In the range
of 100-5000 Hz, the reverberation time did not exceed 0.5 s.

The measurement procedure was developed as a comparative method aimed at determining the increase in sound
insulation of the tested partition resulting from the application of a metamaterial lining. The directly determined quantity
was the difference in the sound intensity level on the receiving side, measured between the reference state and the modified
state (i.e. with the metamaterial lining). Excitation of the tested structures was performed using an omnidirectional sound
source placed inside the measuring box in a fixed position, centered relative to all pairs of opposing enclosure walls.
Data acquisition was conducted on a 3x3 grid of measurement points (a total of 9 evenly distributed points), defined on
a virtual measurement surface parallel to the surface of the tested sample or partition. The virtual surface was located at
a distance of 10 cm from the tested board. Time averaging of at least 10 s was applied at each measurement point.
Sound intensity levels were recorded with a resolution of 10 Hz in the range of 100—-5000 Hz.



3  Results

This chapter presents an exemplary result of the tests verifying the proposed measurement method for sound-insulating
metamaterial structures. The measurements were performed for a metamaterial structure (Fig. 2) tuned to a frequency
of 460 Hz; the tuning was conducted based on numerical analyses using the Comsol environment. The samples were
manufactured from PLA material using 3D printing technology. The tested structure was mounted to a base partition
made of a single 12.5 mm thick gypsum plasterboard with a surface mass of 6,5 kg/m?, characterized by a sound insulation
index Rw = 25 dB. Pink noise was used as the measurement signal.

Figure 2. Tested metamaterial structure on the measurement stand.

Figure 3 presents the measurement results, i.e., the characteristics of the increase in sound insulation, expressed as
the difference in sound intensity level between the "metamaterial structure mounted on the base board" variant and
the "base board only" variant. The tuning frequency of the metamaterial structure, amounting to 460 Hz, is marked
on the graph.
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Figure 3. Characteristics of the increase in sound insulation, expressed as the difference in sound intensity level between
the "metamaterial structure mounted on the base board" variant and the "base board only" variant; the theoretical tuning
frequency of the metamaterial, equal to 460 Hz, is indicated by a vertical dashed line.



Analyzing the graph presented in Fig. 3, the effective performance of the designed metamaterial structure near the tuning
frequency is clearly observable. The maximum effect was recorded at 440 Hz, reaching approximately 17.5 dB. It should
also be noted that the performance of the metamaterial structure is not limited to a single frequency but covers a wider
band in the range of approximately 430-470 Hz. The obtained results confirm that the developed test stand and
the adopted comparative method enable the recording of changes in the system's response caused by the application of
the metamaterial structure. Simultaneously, the observed alignment of the main maximum with the designed tuning
frequency indicates that the design and numerical assumptions have been qualitatively confirmed through experimental
testing.

4 Conslusions

This paper presents an original method for determining the increase in the sound insulation of small metamaterial samples,
based on comparative sound intensity measurements. The developed test stand, in the form of a mobile and modular
measuring box, enables testing under near-real-world conditions while simultaneously reducing requirements regarding
sample size and laboratory facilities. The proposed approach serves as a practical alternative to conventional methods that
require large samples, specialized chambers, and time-consuming assembly.

The conducted experimental studies have confirmed the utility of both the developed test stand and the measurement
method itself. Of particular note is the qualitative consistency between the experimental results and the design
assumptions adopted during the numerical analysis stage — specifically, the location of the measured main maximum
of the sound attenuation effectiveness near the tuning frequency of the material determined by numerical methods.
The presented test stand and measurement procedure thus constitute a useful tool for the rapid, relatively low-cost,
and reliable evaluation of the increase in sound insulation for small metamaterial samples.
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